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FUEL CELL POWER GENERATION APPARATUS,
FUEL CARTRIDGE, AND FUEL CELL SYSTEM
USING THE SAME

BACKGROUND OF THE INVENTION

0001] 1. Field of the Invention

0002] The present invention relates to a fuel cell power
generation apparatus, a fuel cartridge, and a fuel cell system
using the same. In particular, the mvention relates to a fuel
cell system in which the amount of a reaction product
discharged outside the system can be reduced, the reaction
product, such as water, being formed by the electrochemical
reaction of a fuel cell.

0003] 2. Description of the Related Art

0004] A fuel cell is a device for generating electrical
energy irom hydrogen and oxygen and 1s capable of pro-
viding high power generation efliciency. One of the main
teatures of a fuel cell 1s that high power generation efliciency
can be expected even in small-scale systems since, 1n
contrast to a conventional power generation method 1n
which the power 1s generated via a thermal or kinetic energy
process, the power 1s generated through direct power gen-
eration. Another feature 1s that environmental friendliness 1s
excellent since the emission of nitrogen compounds and the
like 1s low, and noise and vibrations are also small. As
mentioned above, a fuel cell can effectively utilize the
chemical energy contained 1n fuel and has environmentally
iriendly characteristics. Therefore, a fuel cell 1s expected to
serve as an energy supply system of the 21st century and has
received attention as a new promising power generation
system usable 1n various applications including small to
large scale power generation, for example, in space, auto-
mobile, and portable device applications. Thus, the techno-
logical development of a tuel cell for practical use 1s fully 1n
pProgress.

[0005] Among various types of fuel cells, a proton-ex-
change membrane fuel cell can operate at lower tempera-
tures and generate power at higher power densities as
compared to other types of fuel cells. Particularly 1n recent
years, a direct methanol fuel cell (DMFC) has recerved
attention as a form of the proton-exchange membrane fuel
cell. In the DMFC, methanol aqueous solution serving as a
tuel 1s directly supplied to an anode without modification to
obtain electric power through the electrochemical reaction
of the methanol aqueous solution with oxygen. In this
clectrochemical reaction, carbon dioxide serving as a reac-
tion product 1s discharged from the anode, and product water
serving as a reaction product i1s discharged from a cathode.
As compared to hydrogen, methanol aqueous solution has
higher energy per umit volume and a lower risk of explosion
or the like and 1s suitable for storage. Thus, the DMFC 1s
expected to be employed as a power source for an automo-
bile, a portable device, and the like.

[0006] In such fuel cells, water is formed by an electro-
chemical reaction (a reaction for power generation). A
compact fuel cell (a so-called passive type fuel cell) utilizing
spontancous diffusion of fuel and air 1s expected to be
employed 1n portable devices such as a cellular phone, a
notebook type personal computer, a PDA, an MP3 player, a
digital camera, and an electronic dictionary (book). Particu-
larly, 1n the structure for such a compact tuel cell, the formed
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water 1s directly discharged to the outside as liquid or vapor
together with discharge air, and the portable device itself or
the outside thereof could get wet. In view of the above, n
Japanese Patent Laid-Open Publication No. 2004-241363, a
structure 1s employed in which the outer periphery of an air
intake 1s covered with a water absorbent material to bring the
water absorbent material into contact with a cathode where
water 1s formed. In this manner, water 1s prevented from
being discharged to the outside 1n a liquid state.

SUMMARY OF THE INVENTION

[0007] In the structure of Japanese Patent Laid-Open
Publication No. 2004-241363, the water absorbent material
1s brought into direct contact with the outside of a portable
device, and also the water held in the water absorbent
material 1s subjected to the heat generated by a power
generation unit. Thus, the absorbed water 1s easily heated to
form water vapor and 1s discharged to the outside. In
Japanese Patent Laid-Open Publication No. 2004-241363,
hydrogen 1s employed as fuel. However, in the DMFC,
methanol aqueous solution may pass through an electrolyte
membrane to cause a reaction to occur on a cathode. In this
case, the oxidation byproducts of methanol (formaldehyde,
formic acid, and methyl formate) are likely to be generated.
Theretore, the structure of the DMFC utilizing spontaneous
diffusion of fuel and air has an advantage that air can be
supplied to a cathode without employing air supply means
such as a pump since an air intake directly contacts with the
external environment. On the other hand, the structure of the
DMFC has disadvantages that the exterior of a portable
device equipped with the DMFC or an area contacting
therewith gets wet and that unreacted methanol and the
oxidation byproducts of methanol are discharged to the
outside.

[0008] The present invention has been made in view of the
above problems, and it 1s an object of the ivention to
provide a fuel cell system 1n which the amount of a reaction
product discharged outside the system can be reduced, the
reaction product, such as water, being formed by the elec-
trochemical reaction of a fuel cell.

[0009] In order to achieve the above object, one of the
aspects of the present mnvention provides a fuel cell power
generation apparatus comprising a fuel cell which generates
clectricity from fuel and oxygen in air, and a case which
contains the fuel cell therein, the case having an air intake
port which takes 1n air to be supplied to the fuel cell and an
emitted material discharge port which discharges an emitted
material emitted from the fuel cell. In this fuel cell power
generation apparatus, the air intake port and the emitted
maternal discharge port are arranged 1n different positions of
the case. In this manner, the emitted material can be dis-
charged from the fuel cell without disturbing the supply of
air to the fuel cell.

[0010] In the fuel cell power generation apparatus of the
above aspect, an air ventilation unit which ventilates air
from the air intake port to the emitted material discharge port
may be provided. In the fuel cell power generation apparatus
of the above aspect, the air ventilation unit 1s a fan. In this
manner, the following eflects can be obtained 1n addition to
the abovedescribed eflect: The roles for the air intake port
which takes 1n air and the emitted material discharge port
which discharges the emitted material can be separated as
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much as possible. When the air ventilation unit 1s a fan, the
tuel cell and the peripheral components thereof can also be
cooled.

[0011] Moreover, in the fuel cell power generation appa-
ratus of the above aspect, a condensation umt which con-
denses the emitted material emitted from the fuel cell may
be provided. In this aspect, an emitted material discharge
passage may be provided which connects the condensation
unit to the emitted maternial discharge port to thereby allow
the emitted material condensed by the condensation unit to
flow to the emitted material discharge port. In this manner,
the following eflects can be obtained 1n addition to the effect
obtained 1n the above aspect: The emitted material 1s pre-
vented from being discharged 1n a gaseous state together
with the discharge air. The condensed emitted matenal can
be rehiably discharged from the emitted material discharge
port by providing the emitted material discharge passage
connecting the condensation unit to the emitted material
discharge port.

[0012] Another aspect of the present invention provides a
tuel cartridge which 1s detachable from a fuel cell, comprises
a Tuel storage unit which stores fuel to be supplied to the tuel
cell and provided with a fuel supply port which 1s connected
to the fuel storage unit for supplying the fuel to the fuel cell.
The fuel cartridge further comprises a removal unit which
removes, from the emitted material emitted {from the fuel
cell, water contained 1n the emitted material. In this manner,
at least the amount of water discharged outside the system
can be reduced, the water being formed by the electrochemi-
cal reaction of the fuel cell. Further, when the fuel cartridge
1s replaced, the removal unit can also be replaced.

[0013] In the fuel cartridge of the above aspect, the
removal unit may be provided with an emitted material
intake port. The emitted maternial intake port 1s provided at
a position facing to the emitted material discharge port to
which the emitted material 1s discharged from the fuel cell
and introduces the emitted material to the removal unit. In
this manner, in addition to the effects obtained in the above
aspect, the emitted material can be reliably introduced to the
removal unit.

[0014] In the fuel cartridge of the above aspects, a parti-
tiomng member may be provided which 1s provided between
the removal unit and the fuel storage unit and changes its
position by a volume change of the removal unit. In this
manner, the following eflects can be obtained 1n addition to
the effects obtained in the above aspects: The fuel can be
pressurized to be fed from the fuel storage umt to the fuel
cell. Since the pressurizing force depends on the volume
change of the removal unit or the amount of the emitted
material emitted through the electrochemical reaction of the
tuel cell, the fuel can be fed 1n an amount proportional to the
amount of methanol consumed 1n the fuel cell.

[0015] In the fuel cartridge of the above aspects, the
removal unit may comprise an adsorbent capable of adsorb-
ing a component included 1n the emitted material. In the fuel
cartridge of the above aspects, the fuel may contain metha-
nol. In this manner, the following eflects can be obtained in
addition to the eflects obtained 1n the above aspects: Since
the removal unit includes the adsorbent, the removed
(adsorbed) emitted material 1s prevented from being released
outside the system upon replacement. Since the storage 1s
casy, the tuel cartridge 1s suitable for carrying.
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[0016] Still another aspect of the present invention pro-
vides a fuel cell system comprises a fuel cell power gen-
cration apparatus and a fuel cartridge.

[0017] The fuel cell power generation apparatus includes:
a fuel cell which generates electricity from fuel and oxygen
in air; and a case which contains the fuel cell therein, the
case having an air intake port which takes i1n air to be
supplied to the fuel cell and an emitted material discharge
port which discharges an emitted material emitted from the
tuel cell, the air intake port and the emitted material dis-
charge port being arranged 1n different positions of the case.
The fuel cartridge 1s provided to the tuel cell 1n a detachable
manner and comprises a fuel storage umit which stores fuel
to be supplied to the fuel cell and a fuel supply port
connected to the fuel storage unit for supplying the fuel to
the fuel cell. The fuel cartridge further comprises a removal
unit which removes, from the emitted material emitted from
the fuel cell, water contained 1n the emitted material. In this
manner, the amount of a reaction product discharged outside
the system can be reduced, the reaction product such as

water being formed by the electrochemical reaction of the
fuel cell.

[0018] It is to be noted that any arbitrary combination or
rearrangement of the above-described structural components
and so forth are all effective as and encompassed by the
present embodiments.

[0019] Moreover, this summary of the invention does not
necessarily describe all necessary features so that the imnven-
tion may also be sub-combination of these described fea-
tures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Embodiments will now be described, by way of
example only, with reference to the accompanying drawings
which are meant to be exemplary, not limiting, and wherein
like elements are numbered alike 1n several Figures, in

which:

10021] FIG. 1 1s an exploded perspective view showing
the basic construction of a fuel cell power generation
apparatus according to a first embodiment;

10022] FIG. 2 is a perspective view showing the basic
construction of a fuel cartridge according to the first embodi-
ment,

10023] FIG. 3 1s a cross-sectional view of a fuel cell power
generation apparatus according to a first example of the first
embodiment;

10024] FIG. 4 is a cross-sectional view of a fuel cartridge
according to the first example of the first embodiment;

[10025] FIG. 5 is a cross-sectional view of a fuel cartridge
according to another example of the first embodiment;

[10026] FIG. 6 1s a perspective view of a fuel cell power
generation system according to the first example of the first
embodiment;

[10027] FIG. 7 is a cross-sectional view of a fuel cell power
generation apparatus according a second example of the first
embodiment;

10028] FIG. 8 is a cross-sectional view of another cross-
section, different from that of FIG. 7, of the fuel cell power
generation apparatus according the second example of the
first embodiment:
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[10029] FIG. 9 is a cross-sectional view of a fuel cell
cartridge according to the second example of the first
embodiment;

[0030] FIG. 10 is a perspective view of a fuel cell power
generation system according to the second example of the
first embodiment;

10031] FIG. 11 is a cross-sectional view of a fuel cell
power generation apparatus according to a third example of
the first embodiment;

10032] FIG. 12 is a cross-sectional view of a fuel cartridge
according to the third example of the first embodiment;

10033] FIG. 13 is a schematic perspective view showing
the appearance of a fuel cell according to a second embodi-
ment;

10034] FIG. 14 is an exploded perspective view of the fuel
cell according to the second embodiment; and

10035] FIG. 15 is a schematic cross-sectional view show-
ing the interior construction of the fuel cell according to the
second embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

FIRST EMBODIMEN'T

[0036] The basic construction of a fuel cell power gen-
eration apparatus 10 according to a first embodiment will be
described with reference to FIG. 1.

[0037] The fuel cell power generation apparatus 10 com-
prises a DMFC power generation unit 18, collectors 22 and
24, a connection wire 20, a methanol fuel storage unit 30, a
wick material 34, and a case 40. The DMFC power genera-
tion unit 18 generates electric power through the electro-
chemical reaction of methanol with oxygen in air and
comprises an anode 12, a cathode 14, and an electrolyte
membrane 16 held between the anode 12 and the cathode 14.
Methanol aqueous solution or pure methanol (heremafter,
denoted as “methanol fuel”) 1s supplied to the anode 12
through capillary action, and air 1s supplied to the cathode
14. The connection wire 20 connects the collectors to one
another such that a plurality of the power generation units
are connected 1n series. The methanol fuel storage unit 30
stores the methanol fuel to be supplied to the anode 12. The
wick material 34 supplies the methanol fuel from the metha-
nol fuel storage unit 30 to the anode 12, and the case 40 has
an air intake 42. The inside of the methanol fuel storage unit
30 1s filled with the wick material 34, and the methanol fuel
1s supplied from the methanol fuel storage unit 30 to the

anode 12 through the capillary action of the wick material
34.

10038] FIG. 2 shows the basic construction of a fuel
cartridge 50. The 1nside of the fuel cartridge 50 1s filled with
pure methanol or methanol aqueous solution having a con-
centration higher than that of the methanol fuel. By con-
necting a fuel cartridge fuel supply port 52 to a fuel cartridge
connection port 36 shown in FIG. 1, the methanol fuel
storage unit 30 can be refilled with the methanol fuel.

10039] The DMFC power generation unit 18 is constituted
by the anode 12 containing a proton conductor and a catalyst
for oxidizing methanol, the electrolyte membrane 16, and
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the cathode 14 contaiming a proton conductor and a catalyst
for reducing oxygen. These electrodes 12 and 14 are formed
on the electrolyte membrane 16 and are fabricated by joining
by means of hot press or other method. In order to improve
fuel diffusion and a current collection function, each of the
clectrodes 12 and 14 may contain a conductive diffusion
layer such as carbon paper or woven fabric, in addition to the
catalyst and the proton conductor. The collectors 22 and 24
have a porous structure having electrical conductivity and
corrosion resistance and allowing the diffusion of air and
methanol serving as fuel.

[0040] The wick material 34 1s a material absorbing liquid
through capillary action and 1s generally formed of a porous
maternial or a layer of particles. For example, the wick
material 34 1s formed of a hydrophilic absorbent material
capable of absorbing water. Examples of the applicable

absorbent material include polymer materials such as
crosslinked polyacrylate based polymers, 1sobutylene-male-
ate based polymers, starch-polyacrylate based polymers,
PVA (polyvinyl alcohol)-polyacrylic based polymers, hydro-
lyzed acrylic fiber based polymers, and crosslinked PVA
based polymers. Further, the wick material 34 desirably has
a function for transporting the produced water to a prede-
termined 1solated position for vaporization. Examples of
such a material include porous metals, porous minerals,
hydrophilic carbon, carbon paper, woven fabric, non-woven
tabric, paper, pulp, polymer materials, natural fibers, and
synthetic fibers, each having recesses on the surface thereof.
Moreover, materials having high water absorbing properties
and capable of providing capillary action are also suitable.
For example, polyesters and other synthetic fibers may be
employed. In addition, a polyester-nylon composite material
may be employed which 1s a synthetic fiber formed by
weaving, 1n a mesh, thread-like materials and having fine
vold regions 1n the cross-section with respect to the longer
direction.

[0041] The principle of operation will next be described.

[0042] Pure methanol or a methanol aqueous solution
having a concentration higher than that of the methanol fuel
1s supplied from the fuel cartrndge 50 via the fuel cartridge
tuel supply port 52 to the methanol fuel storage unit 30
shown 1n FIG. 1. The methanol fuel storage unit 30 1s filled
with the wick material 34. The methanol fuel 1s drawn by the
capillary action of the wick material 34, passes through a
tuel supply opening 32 and the collector 22, and diffuses to
the anode 12. The diffused methanol 1s then oxidized on the
catalyst. The proton obtained by the oxidation of the metha-
nol diffuses into the proton conductor contained 1n the anode
12 and into the electrolyte membrane 16 and reaches the
cathode 14. The electricity generated at the anode 12 reaches
the collector 24 1n the side of the cathode 14 via the collector
22.

[0043] On the other hand, oxygen in air supplied from the
air intake 42 of the case 40 reaches the catalyst in the
cathode 14 via the collector 24. The oxygen then receives the
protons from the anode 12 and electrons and is reduced to
form water. The electricity generated by the DMFC power
generation unit 18, as described above, can be employed for

directly driving a portable device by connecting the appa-
ratus to the portable device or for charging a secondary

battery or the like.
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FIRST EXAMPLE

[0044] FIG. 3 is a cross-sectional view of a fuel cell power
generation apparatus 110 of this example, and FIG. 4 15 a
cross-sectional view of a fuel cartridge 150. FIG. 6 1s a
perspective view of a Tuel cell power generation system 100
formed by mounting the fuel cartridge 150 to the fuel cell
power generation apparatus 110. FIGS. 3 and 4 and FIG. 5
to be described later are cross-sectional views ol cross-
section taken along the line A-A' of FIG. 6. The construction
and the function of a wick material 134 and a DMFC power
generation unit 118 are similar to those described above.

10045] The fuel cell power generation apparatus 110
shown 1 FIG. 3 comprises the DMFC power generation
unit 118, collectors 122 and 124, a methanol fuel storage unit
130, the wick material 134, and a case 140. The DMFC
power generation unit 118 generates electric power through
the electrochemical reaction of methanol with oxygen 1n air
and comprises an anode 112, a cathode 114, and an electro-
lyte membrane 116 held between the anode 112 and the
cathode 114. The methanol fuel 1s spontaneously supplied to
the anode 112 through capillary action, and air 1s supplied to
the cathode 114. The methanol fuel storage unit 130 stores
the methanol fuel to be supplied to the anode 112. The wick
material 134 supplies the methanol fuel from the methanol
tuel storage unit 130 to the anode 112, and the case 140 has
an air intake 142. This example 1s characterized in that the
case 140 1s provided with a fan 144 in the side to which the
tuel cartridge 150 1s connected.

10046] FIG. 4 shows the structure of the fuel cartridge 150
comprising a fuel storage unit 154 and a reaction product
removal unit 156. The inside of the fuel storage unit 154 1s
filled with pure methanol or methanol aqueous solution
having a concentration higher than that of the methanol fuel.
By connecting a fuel cartridge fuel supply port 152 to a fuel
cartridge connection port 136 shown 1n FIG. 3, the methanol
tuel storage unit 130 can be refilled with the pure methanol
or the high concentration methanol aqueous solution.

10047] The air to be discharged contains water and the
oxidation byproducts of methanol (formaldehyde, formic
acid, and methyl formate) formed at the cathode 114 by the
clectrochemical reaction in the DMFC power generation
unit 118 and also contains unreacted methanol. This dis-
charge air 1s suppressed from being discharged from the air
intake 142 to the outside since the inside of the case 140 1s
maintained at a negative pressure by the fan 144 and 1s
discharged through the fan 144. The discharge air discharged
from the fan 144 enters the reaction product removal unit
156 of the fuel cartridge 150 from an emitted material intake
port 157. The discharge air diffuses into an adsorption unit
158 filled with an adsorbent capable of adsorbing reaction
products such as the oxidation byproducts of methanol and
1s then discharged to the outside from a discharge air outlet
port 159 of the fuel cartridge 150. At this time, the discharge
air 1s discharged with the reaction products adsorbed by the
adsorption unit 158 contamned 1 the reaction product
removal unit 156. In this manner, the content of the reaction
products 1n the discharge air discharged to the outside can be
reduced.

10048] FIG. 5 shows a fuel cartridge 160 of another

aspect. The main difference between this cartridge 160 and
the fuel cell cartridge 150 shown i FIG. 4 1s that a
deformable or movable partitioning member 163 1s provided
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between a fuel storage unit 164 and a reaction product
removal unit 166 in this cartridge 160. When an adsorption
unit 168 contained 1n a reaction product removal unit 166 1s
expanded and deformed by the adsorption, the partitioning
member 163 1s pressed and moved toward the side of a fuel
storage unit 164. Due to this action of the partitioning
member 163, the methanol fuel can be fed to the methanol
fuel storage unit 130. Further, the discharge air discharged
from the fan 144 enters the reaction product removal unit
166 of the fuel cartridge 160 from an emitted material intake
port 167. The discharge air diffuses into the adsorption unit
168 filled with an adsorbent capable of adsorbing reaction
products such as the oxidation byproducts of methanol and
1s then discharged to the outside from a discharge air outlet
port 169 of the fuel cartridge 160. At this time, the discharge
air 1s discharged with the reaction products adsorbed by the
adsorption unit 168 contained 1 the reaction product
removal unit 166. In this manner, the content of the reaction
products can be reduced in the discharge air discharged to
the outside.

[0049] Any material may be employed for a material
constituting the adsorption unit 168, so long as it can adsorb
or store the products formed by the power generation (water,
formaldehyde, formic acid, methyl formate, and methanol)
and contained in the discharge air. Examples of such a
material include: adsorption materials having a large surface
area such as zeolites, activated carbon, and silica gel;
sepiolite; 2,4-dinitrophenylhydrazine which stabilizes alde-
hydes by reaction; and calcium hydroxide, 1n addition to the
same water absorbent materials as the wick material.

SECOND EXAMPL.

L1l

[0050] FIGS. 7 and 8 are cross-sectional views of a fuel
cell power generation apparatus 210 of this example, and
FIG. 9 1s a cross-sectional view of a fuel cell cartridge 250.
FIG. 10 1s a perspective view of a fuel cell power generation
system 200 formed by mounting the fuel cartridge 250 to the
tuel cell power generation apparatus 210. FIGS. 7 and 8 are
cross-sectional views of cross-sections B-B' and C-C,
respectively, of FIG. 10. The construction of a wick material
234 of thus Example and the construction of the fuel cell
cartridge 250 are the same as those 1n the first example. Also,
the construction and the function of a DMFC power gen-
cration unit 218 are the same as those of the abovedescribed
DMFC power generation unit 18.

[0051] The fuel cell power generation apparatus 210
shown in FIGS. 7 and 8 comprises the DMFC power
generation unit 218, collectors 222 and 224, a methanol fuel
storage unit 230, the wick material 234, and a case 240. The
DMFC power generation unit 218 generates electric power
through the electrochemical reaction of methanol with oxy-
gen 1n air and comprises an anode 212, a cathode 214, and
an electrolyte membrane 216 held between the anode 212
and the cathode 214. The methanol fuel 1s supplied to the
anode 212 through capillary action, and air 1s supplied to the
cathode 214. The methanol fuel storage unit 230 stores the
methanol fuel to be supplied to the anode 212. The wick
material 234 supplies the methanol fuel from the methanol
tuel storage umt 230 to the anode 212. This Example is
characterized 1n that a heat radiation member 246 connected
with the outside of the case 240 1s provided 1nside the case
240 (in the side of the power generation unit 218). This
Example 1s also characterized 1n that a tubular passage (an




US 2006/0194092 Al

emitted material discharge passage) 248 1s provided which
1s connected to a liquid pool 247 of the heat radiation
member 246.

10052] FIG. 9 shows the structure of the fuel cartridge 250
comprising a fuel storage unit 254 and a reaction product
removal unit 256. The inside of the fuel storage unit 254 1s
filled with pure methanol or methanol aqueous solution
having a concentration higher than that of the methanol fuel.
By connecting a fuel cartridge fuel supply port 252 to a tuel
cartridge connection port 236 shown 1n FIGS. 7 and 8, the
methanol fuel storage unit 230 can be refilled with the pure
methanol or the high concentration methanol aqueous solu-
tion.

[0053] The air to be discharged contains water and the
oxidation byproducts of methanol (formaldehyde, formic
acid, and methyl formate) formed at the cathode 214 by the
clectrochemical reaction in the DMFC power generation
unit 218 and also contains unreacted methanol. This dis-
charge air 1s condensed on the 1mner side of the heat radiation
member 246 (in the side of the power generation unit 218)
formed 1n connection with the outside of the case 240. The
condensed liquid of the discharge air falls along the heat
radiation member 246 under gravity and i1s collected 1n the
liquid pool of the heat radiation member 246. Subsequently,
the collected liquid 1s discharged from the connected tubular
passage 248 to the outside of the case. The discharged liquid
enters the reaction product removal unit 256 from an emitted
material 1ntake port 257 of the fuel cartridge 2350. The
discharged liquud 1s adsorbed by an adsorption unit 258 filled
with an adsorbent capable of adsorbing reaction products
such as the oxidation byproducts of methanol. The non-
condensed discharge air 1s discharged via an air intake 242
to the outside. In this manner, the content of the reaction
products can be reduced in the discharge air discharged to
the outside.

[0054] In this Example, any method may be employed as
means for collecting the liquid condensed at the radiation
member 246, so long as the liquid i1s led to the emuitted
material intake port 257 of the fuel cartridge 250. For
example, a structure may be employed mm which a water
absorbing matenial 1s arranged between the heat radiation
member 246 and the emitted material intake port 257 of the
tuel cartridge 250. Moreover, another structure may be
employed which does not have a liquid pool and has a heat
radiation member continuously extending to the emitted
material intake port 257 of the fuel cartridge 250.

[0055] As 1in the first example, any material may be
employed for a material constituting the adsorption unit 258,
so long as 1t can adsorb or store the products formed by the
power generation (water, formaldehyde, formic acid, methyl
formate, and methanol) and contained 1n the discharge air.
Examples of such a maternial include: adsorption materials
having a large surface area such as zeolites, activated
carbon, and silica gel; sepiolite; 2,4-dinitrophenylhydrazine
which stabilizes aldehydes by reaction; and calcium hydrox-
1de, 1n addition to the same water absorbent materials as the
wick material.

THIRD EXAMPL.

L1

10056] FIG. 11 is a cross-sectional view of a fuel cell
power generation apparatus 310 of this Example, and FIG.
12 1s a cross-sectional view of a fuel cartridge 350. A wick
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material 334 and a DMFC power generation unit 318 of this
Example have the same structure and the same function as
those of the abovedescribed wick material 334 and the
abovedescribed DMFC power generation unit 18, respec-
tively.

[0057] The fuel cell power generation apparatus 310
shown 1 FIG. 11 comprises the DMFC power generation
unmt 318, collectors 322 and 324, a methanol fuel storage
unit 330, the wick material 334, and a case 340. The DMFC
power generation unit 318 generates electric power through
the electrochemical reaction of methanol with oxygen 1n air
and comprises an anode 312, a cathode 314, and an elec-
trolyte membrane 316 held between the anode 312 and the
cathode 314. The methanol tuel 1s supplied to the anode 312
through capillary action, and air 1s supplied to the cathode
314 by a fan 344. The methanol fuel storage unit 330 stores
the methanol fuel to be supplied to the anode 312. The wick
material 334 supplies the methanol fuel from the methanol
fuel storage unit 330 to the anode 312. This Example 1s
characterized 1n that a heat radiation member 346, a tubular
passage (an emitted material discharge passage) 348a, and
the fan 344 are provided. The heat radiation member 346 1s
ol a size capable of covering almost all the electrodes and 1s
provided inside the case 340 (in the side of the power
generation unit 318). The tubular passage 348a 1s connected
to a liquid pool 347 of the heat radiation member 346, and
the fan 344 facilitates air supply and 1s disposed between the
heat radiation member 346 and the case 340.

[0058] FIG. 12 shows the structure of the fuel cartridge
350 comprising a fuel storage unit 354 and a reaction
product removal unit 356. The 1nside of the fuel storage unit
354 1s filled with pure methanol or methanol aqueous
solution having a concentration higher than that of the
methanol fuel. By connecting a fuel cartridge fuel supply
port 352 to a fuel cartridge connection port 336 shown in
FIG. 11, the methanol fuel storage unit 330 can be refilled
with the pure methanol or the high concentration methanol
aqueous solution.

[0059] The air to be discharged contains water and the
oxidation byproducts of methanol (formaldehyde, formic
acid, and methyl formate) formed at the cathode 314 by the
clectrochemical reaction in the DMFC power generation
unit 318 and also contains unreacted methanol. This dis-
charge air 1s condensed on the inner side of the heat radiation
member 346 (1n the side of the power generation unit 318)
cooled sufliciently by the wind from the fan 344. The
condensed liquid of the discharge air falls along the heat
radiation member 346 under gravity and 1s collected 1n the
liquid pool 347 of the heat radiation member 346. Subse-
quently, the collected liquid passes through the emaitted
material discharge passage 348a connected to the liquid pool
347 and 1s discharged to a discharge port outside the case.
The discharged liquid 1s stored 1n a fuel cartridge discharged
liquid storage unit 3545 via a discharged liquid intake port
355 of the fuel cartridge 350. The tuel cartridge discharged
liquid storage unit 3545 1s separated from a methanol fuel
storage unit 354a by a deformable partitioning membrane
353. The methanol fuel in the fuel cartridge can be fed to the
methanol fuel storage unit 330 with the help of the defor-
mation of the deformable partitioning membrane 353, which
deformation serves as a driving force.

[0060] On the other hand, the non-condensed discharge air
enters the reaction product removal unit 356 from an emaitted
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material intake port 357 via a discharge port (an emitted
material discharge passage) 348b. The non-condensed dis-
charge air diffuses 1into an adsorption unit 358 filled with a
material capable of adsorbing reaction products such as the
oxidation byproducts of methanol and 1s then discharged
from a fuel cartridge discharge air discharge port 359. In this
manner, the content of the reaction products can be reduced
in the discharge air discharged to the outside.

[0061] In this example, any method may be employed as
means for collecting the liquid condensed at the radiation
member 346, so long as the liquid 1s led to the discharged
liquid intake port 355 of the fuel cartridge 350. For example,
a structure may be employed 1n which a water absorbing
material 1s arranged between the heat radiation member 346
and the discharged liquid intake port 355 of the fuel car-
tridge 350. Moreover, another structure may be employed
which does not have a liquid pool and has a heat radiation
member continuously extending to the emitted material
intake port 357 of the fuel cartridge 350.

[0062] As in the first and second examples, any material
may be employed for a material constituting the adsorption
unit 358, so long as i1t can adsorb or store the products
formed by the power generation (water, formaldehyde, for-
mic acid, methyl formate, and methanol) and contained in
the discharge air. Examples of such a material include:
adsorption materials having a large surface area such as
zeolites, activated carbon, and silica gel; sepiolite; 2,4-
dinitrophenylhydrazine which stabilizes aldehydes by reac-
tion; and calcium hydroxide, in addition to the same water
absorbent materials as the wick material.

[0063] In the best mode for carrying out the invention, the
description has been made with reference to the DMFC 1n
which methanol serving as fuel 1s directly supplied, but the
present invention 1s not limited thereto. The 1vention 1s
useable 1n a portable fuel cell or a vehicle-mounted fuel cell
in which hydrogen gas 1s supplied through a hydrogen
cylinder or a hydrogen storage alloy.

SECOND

L1

MBODIMENT

Technical Field of the Second Embodiment

[0064] A second embodiment relates to a fuel cell. Spe-
cifically, the second embodiment relates to a fuel cell
employed 1n a portable device and having antimicrobial
functions.

Description of the Related Art of the Second
Embodiment

[0065] A fuel cell 1s a device for generating electrical
energy from hydrogen and oxygen and 1s capable of pro-
viding high power generation efliciency. One of the main
teatures of a fuel cell 1s that high power generation efliciency
can be expected even i small-scale systems since, 1n
contrast to a conventional power generation method 1n
which the power 1s generated via a thermal or kinetic energy
process, the power 1s generated through direct power gen-
eration. Another feature 1s that environmental friendliness 1s
excellent since the emission of nitrogen compounds and the
like 1s low, and noise and wvibrations are also small. As
mentioned above, a fuel cell can eflectively utilize the
chemical energy contained 1n fuel and has environmentally
friendly characteristics. Therefore, a fuel cell 1s expected to
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serve as an energy supply system of the 21st century and has
received attention as a new promising power generation
system usable 1n various applications including small to
large scale power generation, for example, in space, auto-
mobile, and portable device applications. Thus, the techno-
logical development of a tuel cell for practical use 1s fully 1n
Progress.

[0066] Among various types of fuel cells, a proton-ex-
change membrane fuel cell can operate at lower tempera-
tures and generate power at higher power densities as
compared to other types of fuel cells. Particularly 1n recent
years, a direct methanol fuel cell (DMFC) has receirved
attention as a form of the proton-exchange membrane fuel
cell. In the DMFC, methanol aqueous solution serving as a
tuel 1s directly supplied to an anode without modification to
obtain electric power through the electrochemical reaction
of the methanol aqueous solution with oxygen. In this
clectrochemical reaction, carbon dioxide serving as a reac-
tion product 1s discharged from the anode, and product water
serving as a reaction product 1s discharged from a cathode.
As compared to hydrogen, methanol aqueous solution has
higher energy per umt volume and a lower risk of explosion
or the like and 1s suitable for storage. Thus, the DMFC 1s
expected to be employed as a power source of automobiles,
portable devices (a cellular phone, a notebook type personal
computer, a PDA, an MP3 player, a digital camera, and an
clectronic dictionary (book)), and the like.

[0067] A flat-shaped fuel cell disclosed in Japanese Patent
Laid-Open Publication No. 2003-282131 1s expected to be
employed in a portable device requiring compactness and
light weight. However, 1n this fuel cell, the product water
from a cathode passes through a cathode product discharge
aperture and 1s discharged directly, thereby causing sanitary
problems and unpleasantness to a user. In view of the above,
a technique for subjecting an object directly touched by a
user to antimicrobial processing 1s disclosed 1n Japanese
Patent Laid-Open Publication No. 2005-1050353. Since the
Japanese are very sanitary conscious, the development of
such a technique 1s 1n progress.

Disclosure of the Second Embodiment

[0068] As described above, in a conventional fuel cell, the
product water from a cathode passes through a cathode
product discharge aperture and 1s discharged directly,
thereby causing sanitary problems and unpleasantness to a
user. Moreover, 1f water in a liquid form remains in the
cathode product discharge aperture, the supply of reaction
fluid such as air 1s disturbed, thereby causing a problem that
the output of the fuel cell 1s lowered.

[0069] This embodiment has been made in view of the
above problems. It 1s an object of this embodiment to
provide a fuel cell which 1s sanitary and does not cause
unpleasantness to a user. In this embodiment, this 1s
achieved by providing a predetermined function to a case of
the fuel cell and particularly to a portion provided with a
ventilation aperture which allows a reaction fluid or a
reaction product such as water (including water vapor),
carbon dioxide, or air to ventilate.

[0070] In order to achieve the above object, an aspect of
this embodiment provides a fuel cell comprising: a cell
which has an anode, a cathode, and an electrolyte layer held
between the anode and the cathode; and a case which
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contains the cell therein, wherein the case has an antimicro-
bial function. Here, the antimicrobial function 1s a function
capable of suppressing the breeding of microorganisms such
as bacteria. By decomposing a cell of a microorganism or a
nutritional component (an organic material) required for a
microorganism to breed, the breeding can be suppressed. In
this manner, the fuel cell can be kept sanitary.

[0071] Another aspect of this embodiment provides a fuel
cell comprising: a cell which has an anode, a cathode and an
clectrolyte layer held between the anode and the cathode;
and a case which contains the cell therein, wherein the case
has a hydrophilic function. Here, the hydrophilic function 1s
a Tunction for providing athinity with water. Specifically, the
hydrophilic function can be provided by subjecting the case
to hydrophilic processing such that the contact angle
between the case and water (the angle between a flat surface
of a solid and the free surtface of a liguid when the liquid
contacts with the solid) becomes 90° or less. In this manner,
iI a water droplet adheres to the case, the droplet 1s thinly
spread and easily evaporates. Thus, a user can comiortably
use the fuel cell. Further, 1if a water droplet adheres to a
ventilation aperture which 1s provided in the case and allows
a reaction fluid such as air or a reaction product such as
carbon dioxide or product water to ventilate, the droplet 1s
thinly spread. Thus, the ventilation aperture 1s not clogged
and allows the reaction fluid or the reaction product to
smoothly ventilate.

10072] In the fuel cell of each of the above aspects, the
case 1s provided with a cathode product discharge aperture
which discharges a reaction product formed at the cathode.
The cathode product discharge aperture may have the anti-
microbial function and/or the hydrophilic function. In this
manner, the antimicrobial function and/or the hydrophilic
function 1s provided particularly in the cathode product
discharge aperture from which product water serving as the
reaction product 1s discharged and 1s also provided in the
periphery thereof. Therefore, a fuel cell can be provided
which 1s sanitary and does not cause unpleasantness to a
user.

10073] In the fuel cell of each of the above aspects, the
case may contain a photocatalyst so as to be provided with
the antimicrobial function and/or the hydrophilic function.
Here, the photocatalyst 1s a material which absorbs optical
energy to cause other materials which do not absorb light to
be chemically reacted. When a photocatalyst 1s 1rradiated
with light from the sun, a fluorescent tube, or the like, a
strong oxidizing power 1s generated on the surface thereof,
and thus the photocatalyst can decompose organic com-
pounds or bacteria brought into contact therewith. Specific
examples of the phtocatalyst include titanium oxide, zinc
oxide, tin oxide, tron oxide, zirconium oxide, tungsten
oxide, chromium oxide, molybdenum oxide, ruthenium
oxide, germanium oxide, lead oxide, cadmium oxide, copper
oxide, vanadium oxide, niobium oxide, tantalum oxide,
manganese oxide, rhodium oxide, nickel oxide, rhentum
oxide, and strontium titanate. The photcatalyst may have
both antimicrobial function and the hydrophilic function.

[0074] Inthe fuel cell of each of the above aspects, the fuel
supplied to the anode may be a liquid fuel. Here, examples
of the liquid fuel include methanol, ethanol, 1sopropyl
alcohol, ethylene glycol, and dimethyl ether. Particularly, a
DMFC which directly supplies methanol to an anode 1is
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expected to be employed as a power source for a portable
device. In a portable device, a user frequently touches the
case of a fuel cell, and thus the fuel cell having the
antimicrobial function and/or the hydrophilic function 1is
considered to be useful.

Detailed Description of the Second Embodiment

[0075] The basic construction of a fuel cell 1100 according
to the second embodiment will be described with reference
to the drawings.

10076] FIG. 13 is a schematic perspective view showing
the appearance of the fuel cell 1100 of the second embodi-

ment, and FIG. 14 1s an exploded perspective view of the
fuel cell 1100 when a case 1024a of the anode side 1is

removed. FIG. 15 1s a schematic cross-sectional view taken
along the line A-A' of FIG. 13 showing the interior structure
of the fuel cell 1100. In this embodiment, the fuel cell 1100
1s a DMFC 1n which a methanol aqueous solution or pure
methanol (hereinafter, denoted as “methanol fuel) 1s sup-
plied to anodes 1010. A membrane electrode assembly
(MEA) 1012 serving as a power generation unit 1s formed by
holding an electrolyte membrane 1014 between the anodes
1010 and cathodes 1016. In this embodiment, a plurality of
anodes 1010 (1010q, 10105, 1010c¢, etc) and a plurality of
cathodes 1016 (1016a, 10165, 1016¢, etc) are arranged on
one electrolyte membrane 1014 such that the anodes and the
cathodes face to each other. In the MEA 1012, pairs of the
anode and the cathode are connected in series by connecting,
for example, the anode 1010q to the cathode 10165 by a
connection wire (not shown) or the like.

[0077] The methanol fuel to be supplied to the anodes
1010 1s supplied to fuel chambers 1022 from the outside of
the fuel cell 1100 via a methanol fuel supply aperture 1020.
The fuel chambers 1022 are in communication with one
another, and the methanol fuel stored in each of the fuel
chambers 1022 1s supplied to each of the anodes 1010. At the
anodes 1010, the reaction of methanol represented by the
equation (1) occurs, and H™ moves to the cathodes 1016 via
the electrolyte membrane 1014, causing electric power to be
generated.

CH,OH+H,0—6H*+CO,+6¢" (1)

As 1s clear from equation (1), carbon dioxide 1s formed at the
anodes 1010 through this reaction. Hence, a liqmd-vapor
separation filter 1030 1s arranged between the fuel chambers
1022 and an anode product discharge aperture 1026 pro-
vided 1n the case 1024a in the anode side of the fuel cell
1100.

[0078] This liquid-vapor separation filter 1030 1s a planar
filter having fine pores. This filter allows a gaseous compo-
nent to selectively pass therethrough and does not allow a
liquid component to pass therethrough. Any material having
methanol (alcohol) resistance 1s suitable for a material for
the liquid-vapor separation filter 1030. Examples of such a
material include fluorine based synthetic resins such as
polychlorotrifluoroethylene, polyvinylidene fluoride, poly-
vinyl fluoride, tetrafluoroethylene-ethylene copolymer,
polytetrafluoroethylene (PTFE), tetrafluoroethylene-per-
fluoroalkylvinylether copolymer (PFA), tetratluoroethylene-
hexafluoropropylene copolymer (FPE), tetrafluoroethylene-
cthylene copolymer (E/TFE), polyvinylidenefluoride
(PVDF), polychlorotrifluoroethylene (PCTFE), chlorotrii-
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luoroethylene-ethylene copolymer (E/CIFE), perfluoro
cyclic polymer, and polyvinyl fluoride (PVFE).

[0079] A suitable material for the case 1024 is light weight
and has a high stiflness and corrosion resistance. Specific
examples of such a material include synthetic resins such as
acrylic resin, epoxy resin, glass-epoxy resin, silicon resin,
cellulose, nylon, polyamide imide, polyallylamide, polyallyl
cther ketone, polyimide, polyurethane, polyether imide,
polyether ether ketone, polyether ketone ether ketone
ketone, polyether ketone ketone, polyether sulfone, polyeth-
ylene, polyethylene glycol, polyethylene terephthalate,
polyvinyl chloride, polyoxymethylene, polycarbonate,
polyglycolic acid, polydimethylsiloxane, polystyrene,
polysulfone, polyvinyl alcohol, polyvinyl pyrrolidone,
polyphenylene sulfide, polyphthalamide, polybutylene
terephthalate, polypropylene, polyvinyl chloride, polytet-
rafluoroethylene, and rigid polyvinyl chloride and metals
such as aluminum alloys, titanium alloys, and stainless
steels. In addition, temperd glass or skeleton resin may be
employed. As 1n the liquid-vapor separation filter 1030, the
case 1024 has a portion contacting with the methanol fuel.
Therefore, 1t 1s desirable that a composite material formed
by laminating the above synthetic resin or the above metal
and the fluorine based synthetic resin be employed particu-
larly in the portion contacting with the methanol fuel.
Moreover, a supporting member 1032 forms the fuel cham-
bers 1022 and tightens the MEA 1012. The supporting
member 1032 1s also desirably formed of the same matenal
as that employed for the portion of the case 1024 which
portion contacts with the methanol fuel.

[0080] In this embodiment, the electrolyte membrane
1014 of the MEA 1012 1s formed of Nafion 1135 (product of
DuPont). The anodes 1010 are formed on one of the surfaces
of the electrolyte membrane 1014 by applying an anode
catalyst paste prepared by mixing Pt—Ru black with 5 wt.
% solution of Nafion (product of DuPont). The cathodes
1016 are formed on the other surface by applying a cathode
catalyst paste prepared by mixing Pt black with 5 wt. %
solution of Nafion (product of DuPont). In this embodiment,
Nafion 115 1s employed to form the electrolyte membrane
1014. However, any electrolyte membrane may be
employed as the electrolyte membrane 1014, so long as it 1s
an electrolyte membrane having 1onic conductivity and a
thickness of 50 to 200 um. For the case of the DMFC
employing the methanol fuel as 1n this embodiment, it 1s
more desirable that the electrolyte membrane can prevent a
phenomenon, so-called cross-leakage, 1n which methanol
passes through the electrolyte membrane 1014 to move
toward the cathode side. Further, in the employed method,
the anodes 1010 and the cathodes 1016 are formed on the
clectrolyte membrane 1014. However, a collector in which
a catalyst layer 1s formed on an electrode substrate such as
carbon paper may be formed by means of other producing
methods. Further, besides the particles formed of Pt—Ru or
Pt (Pt—Ru black or Pt black), any catalyst may be
employed, so long as i1t has the catalytic function which
tacilitates the formation of H™ from methanol or the forma-
tion of water from H™ and oxygen. For example, catalyst-
supporting carbon may be employed 1n which a catalyst 1s
supported by carbon.

[0081] Air 1s supplied to the cathodes 1016 via cathode
product discharge apertures 1028, and the reaction repre-
sented by equation (2) occurs. That 1s, the oxygen in the air
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reacts with the H™ moved to the cathodes 1016 via the
clectrolyte membrane 1014 to thereby form product water.

3/2%0,+6H*+6e —3H,0O (2)

The cathode product discharge apertures 1028 supply air to
the cathodes 1016 and discharge the product water from the
cathodes 1016. These apertures 1028 are provided such that
the total area thereof 1s the same as that of the anode product
discharge apertures 1026. However, the cathode product
discharge apertures 1028 include a larger number of smaller
diameter apertures as compared to the anode product dis-
charge apertures 1026. The inner wall of the cathode product
discharge apertures 1028 1s coated with a functional coating
material containing a photocatalyst such as titanium oxide.
Further, the surface of the portion of the cathode side case
1024¢ 1n which portion the apertures 1028 are provided 1s
also coated with the functional coating material. By arrang-
ing a larger number of smaller apertures, the product water
discharged from the cathodes 1016 1s prevented from pass-
ing therethrough as a water droplet. Further, by coating the
inner wall with the functional coating material, the product
water 1s thinly spreads over the inner wall surface without
clogging the apertures, thereby facilitating the evaporation
of the product water. Thus, the breeding of microorganisms
or the like can be prevented. Desirably, 1n this functional
coating material, metals such as silver, copper, and zinc are
contained so that the organic material decomposition func-
tion or the antimicrobial function works even when the fuel
cell 1100 1s not wrradiated with the light, such as sunlight,
containing a specific wavelength which activates the pho-
tocatalyst. Moreover, 1f a user of the fuel cell 1100 touches
the fuel cell 1100, an organic material may adhere to the fuel
cell 1100. If the entire surface of the case 1024 1s coated with
the functional coating material, the adhered organic material
can be decomposed. In this manner, a soil resistance func-
tion or the antimicrobial function can be provided to the fuel

cell 1100.

[0082] In order to prevent the methanol fuel from flowing
from the anodes 1010 to the cathodes 1016, O-rings 1034
(an anode side O-ring 1034a and a cathode side O-ring
1034c¢) are placed so as to surround the MEA 1012. In this
embodiment, the O-rings 1034 are pressed by the cathode
side case 1024¢ and the supporting member 1032 to prevent
the methanol fuel from tlowing from the anodes 1010 to the
cathodes 1016 and to prevent oxygen from flowing to the
anodes 1010. Desirably, the O-rings 1034 are made of a
material having flexibility and corrosion resistance.
Examples of the suitable O-ring material include natural
rubber, nitrile rubber, acrylic rubber, urethane rubber, silicon
rubber, butadiene rubber, styrene rubber, butyl rubber, eth-
ylene-propylene rubber, and fluororubber.

[0083] In addition to the above construction, another con-
struction may be employed. For preventing a user from
touching the cathodes 1016, 1t 1s desirable that a porous
Teflon (registered trade mark) sheet (not shown) or the like
allowing air and product water to ventilate be inserted
between the cathodes 1016 and the cathode side case 1024c.
Moreover, adjustment may be carried out between the
diameter of the cathode product discharge apertures 1028
and the thickness of the portion of the case 1024 in which
portion the cathode product discharge apertures 1028 are
provided. That 1s, the thickness of the case 1024 1s set larger
than the diameter of the cathode product discharge apertures
1028. In this manner, the case can be designed such that, 1f
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a user touches the surface of the case 1024 of the fuel cell
1100, the user 1s prevented from touching the cathodes 1016.
Moreover, a lid member may be provided for covering the
portion 1 which the cathode product discharge apertures
1028 are provided. In this manner, the MEA 1012 (particu-
larly, the electrolyte membrane 1014) can be prevented from
drying while the fuel cell 1100 1s stopped, and a region 1n the
cathodes 1016 side 1s protected from the entry of organic
materials such as dust, bacteria the lid member can be
provided 1n a space-saving manner.

[0084] In this embodiment, the description has been made
for the case where the fuel chamber 1022 1s a space filled
with the methanol fuel. However, a three-dimensional
sponge-like porous member capable of absorbing the metha-
nol fuel may be inserted into the fuel chamber 1022.
Examples of such a fuel absorbing member include: woven
fabrics formed of a fiber, non-woven fabrics and felt made
of materials such as nylon, polyester, rayon, cotton, poly-
ester/rayon, polyester/acrylic, or rayon/polychlarl. Further,
in this embodiment, the description has been made for the
exemplary case where the case 1024 1s coated with a
functional coating material containing a photocatalyst. How-
ever, at least the antimicrobial function can be ensured by
coating the surface of the case 1024 with a metal such as
silver, copper, or zinc or by mixing a metal such as silver,
copper, or zinc mto a material forming the case 1024.

|0085] The second embodiment is useable not only in the
planar type DMFC but also 1n a fuel cell for a portable
device. The fuel cell for a portable device i1s frequently
touched by a hand of a user, and the second embodiment 1s
particularly useable 1n ventilation apertures for product
water and vapor.

What 1s claimed 1s:
1. A tuel cell power generation apparatus comprising;:

a fuel cell which generates electricity from fuel and
oxygen 1n air; and

a case which contains the fuel cell therein, the case having
an air intake port which takes 1n air to be supplied to the
fuel cell and an emitted material discharge port which
discharges an emitted material emitted from the fuel
cell, and wherein

the air intake port and the emitted material discharge port
are arranged in different positions of the case.

2. The tuel cell power generation apparatus according to

claim 1, comprising an air ventilation unit which ventilates

air from the air intake port to the emitted material discharge

port.
3. The fuel cell power generation apparatus according to

claim 2, wherein

the air ventilation unit 1s a fan.

4. The tuel cell power generation apparatus according to
claiam 1, comprising a condensation unit which condenses
the emitted material emitted from the fuel cell.

5. The tuel cell power generation apparatus according to
claim 4, comprising an emitted material discharge passage
which connects the condensation unit to the emitted material
discharge port to thereby allow the emitted material con-
densed by the condensation unit to flow to the emitted
material discharge port.

6. A fuel cartridge which 1s detachable from a fuel cell,
comprising a fuel storage unit which stores fuel to be
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supplied to the fuel cell and provided with a fuel supply port
which 1s connected to the fuel storage unit for supplying the

fuel to the fuel cell,

the fuel cartridge further comprising a removal unit which
removes, from the emitted material emitted from the
fuel cell, water contained in the emitted material.

7. The fuel cartridge according to claim 6, wherein

the removal unit 1s provided with an emitted material
intake port which 1s provided at a position facing to the
emitted material discharge port to which the emaitted
material 1s discharged from the fuel cell and introduces
the emitted material to the removal unait.

8. The fuel cartridge according to claim 6, comprising a
partitioning member which 1s provided between the removal
unmit and the fuel storage umit and changes 1ts position by a
volume change of the removal unit.

9. The fuel cartridge according to claim 6, wherein

the removal unit comprises an adsorbent capable of
adsorbing a component included 1n the emitted mate-
rial.

10. The fuel cartridge according to claim 6, wherein

the fuel contains methanol.
11. A fuel cell system comprising a fuel cell power
generation apparatus and a fuel cartridge,

wherein the fuel cell power generation apparatus includes:
a fuel cell which generates electricity from fuel and
oxygen 1n air; and a case which contains the fuel cell
therein, the case having an air intake port which takes
in air to be supplied to the fuel cell and an emitted
material discharge port which discharges an emitted
material emitted from the fuel cell,

the air intake port and the emitted material discharge port
being arranged in diflerent positions of the case, and

wherein the fuel cartridge 1s provided to the fuel cell 1n a
detachable manner and comprises a fuel storage unit
which stores fuel to be supplied to the fuel cell and a
fuel supply port connected to the fuel storage unit for
supplving the tuel to the tuel cell, and

the tuel cartridge further comprises a removal unit which
removes, from the emitted material emitted from the
fuel cell, water contained in the emitted material.

12. A fuel cell comprising;

a cell which has an anode, a cathode, and an electrolyte
layer held between the anode and the cathode; and

a case which contains the cell therein, wherein the case
has an antimicrobial function.
13. A fuel cell comprising:

a cell which has an anode, a cathode and an electrolyte
layer held between the anode and the cathode; and

a case which contains the cell therein, wherein the case
has a hydrophilic function.

14. The fuel cell according to claim 12, wherein:

the case 1s provided with a cathode product discharge
aperture which discharges a reaction product formed at
the cathode; and

the cathode product discharge aperture has the antimicro-
bial function and/or the hydrophilic function.
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15. The fuel cell according to claim 13, wherein: 17. The tuel cell according to claim 13, wherein

the case contains a photocatalyst so as to be provided with
the antimicrobial function and/or the hydrophilic func-

tion.
18. The fuel cell according to claim 12, wherein

the case 1s provided with a cathode product discharge
aperture which discharges a reaction product formed at
the cathode; and

the cathode product discharge aperture has the antimicro- the fuel supplied to the anode is a liquid fuel
bial function and/or the hydrophilic function. 19. The fuel cell according to claim 13, wherein
16. The fuel cell according to claim 12, wherein the case the fuel supplied to the anode is a liquid fuel.

contains a photocatalyst so as to be provided with the
antimicrobial function and/or the hydrophilic function. * ok sk %k ok
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